Objective: The primary aim was to assess, the association of the quantity and quality of dietary fat intake from 6 to 12 months of age and serum lipids at 12 months. Subjects/Methods: Three hundred healthy term Swedish infants were recruited in a longitudinal prospective study at the age of 6 months; 276 remained in the study at 12 months. Food records and anthropometric data were collected monthly from 6 to 12 months; serum lipids were analysed at 6 and 12 months. Results: Swedish infants had a total fat intake within the Nordic recommendations, but intake of polyunsaturated fatty acids (PUFA) was low (5.6 percent of total energy (E%)) and intake of saturated fatty acids (SAFA) was high (15.1 E%). Higher PUFA intake was associated with lower total serum cholesterol (TC, B ¼ À0.13, P ¼ 0.003), lower low-density-lipoprotein cholesterol (LDL-C, B ¼ À0.12, P ¼ 0.004) and apolipoprotein B (B ¼ À0.03) (P ¼ 0.034) in girls but not in boys. When data from the present study were compared to data from similar studies in Finland and Iceland, it appears that the quality of the dietary fat has greater impact on serum lipid levels than the quantity of fat in the diet. Conclusions: Higher PUFA and lower SAFA intakes may reduce TC and LDL-C early in life, particularly in girls. Further, with respect to lowering serum lipid concentrations in early childhood it seems appropriate to set focus on fat quality rather than the quantity.
Introduction
Atherosclerosis and obesity are multifactorial diseases. Growth rate and nutrition early in life have impact on these diseases later in life, although the associations between obesity, cardiovascular disease (CVD) and serum lipids are complex (Bergström et al., 1995; Berenson et al., 1998; Owen et al., 2002; Thorsdottir et al., 2003) . The Bogalusa heart study (Berenson et al., 1998) showed that known risk factors for CVD are present already during childhood. However, the impact of dietary fat intake during infancy on future CVD risk in adulthood is not clear. In addition, it is not clear if serum lipids in early childhood can be used as markers for future CVD risk (Aggett et al., 1994) . Compared with formula feeding, breastfeeding is associated with higher total cholesterol (TC) levels in infancy, but the effect disappears after infancy and early childhood (Å keson Karlsland et al., 1999; Bayley et al., 2002) . However, it has been suggested that breastfeeding may programme for lower TC and low-density lipoprotein cholesterol (LDL-C) in adulthood (Owen et al., 2002; Barker, 2003) .
The Nordic Nutrition Recommendations (NNR) were recently revised (Table 1) . As compared with the previous recommendations, NNR-96 (Nordiska Ministerrådet Köpen-hamn, 1996) and the NNR-04 (Nordic Councils of Ministers, 2004) recommend lower total energy intake and lower maximum of dietary fat both, for infants and children between 2-3 years of age, but with no change for the age group 12-23 months. The reasons behind the changes were recent studies on energy requirements in infants (Butte et al., 2000; Tennefors et al., 2003) , the associations between dietary fat and serum lipid levels in infants and young children (Simell et al., 2000) and the increasing prevalence of obesity in childhood (Blomquist and Bergström, 2007) . Globally there is no consensus on the need to reduce dietary fat intake in early childhood. Nutritional action plans and dietary guidelines differ between countries and continents (Nordiska Ministerrådet Köpenhamn, 1996 ; Die Referenzwerte für die Nährstoffzufuhr, 2000; Fernandes, 2002 ; Dietary Guidelines for Children and Adolecents in Australia, 2003; Nordic Councils of Ministers, 2004; Prentice et al., 2004; Dietary Guidelines for Americans, 2005; Lachat et al., 2005) .
The main objective of this study was to estimate the relative fat intake in Swedish infants and assess the impact of dietary fat quality and quantity on serum lipid levels in infants. Secondary aim was to compare results from the present study with similar studies from Finland and Iceland.
Subjects and methods
The present descriptive report is part of a longitudinal prospective study started in 1995 (Lind et al., 2003; Tennefors et al., 2003) . From six well baby clinics in Umeå, a university town in Northern Sweden with a population of about 110 000, 300 healthy, term infants (150 girls and 150 boys) were recruited at 6 months of age, after written informed consent from the parents. Exclusion criteria were birth weight o2500 g, gestational age o38 or 442 weeks, and chronic illness, developmental delay or feeding problems. In the primary study, infants were assigned to one of three study groups receiving: (a) regular infant cereals (commercial available milk cereal drinks (MCD) and porridge); (b) low phytate MCD and porridge or (c) commercially available cow milk-based infant formula and porridge. The products were within recommendations and directives. The MCDs was lower in fat compared to infant formula (2.5 g/100 ml vs 3.4 g/100 ml), but the porridge did not differ (Lind et al., 2003) . Mothers were recommended to breastfeed as long as they wished and the study products were introduced at the parents own discretion, as were other foods to their infant. Out of the 300 families, 43% of the mothers and 28% of the fathers had a university degree. Food records and anthropometric data were collected monthly from age 6-12 months and blood lipids were analysed at 6 and 12 months of age. The present paper reports data on the associations between dietary fat intake at 6-12 months and serum lipid levels at 12 months.
The study was approved by the Ethics Committee of the Faculty of medicine at Umeå University, Sweden.
Dietary assessment
Dietary intake was assessed using monthly 5-day food records starting at 6 months. Energy and nutrient intakes were calculated using the MAT's software programme Nature of dietary fat in infancy I Öhlund et al (Rudans Lättdata, Västerås, Sweden), which uses the foodcomposition tables of the Swedish National Food Administration. The database was supplemented with all special products for infants, other products and recipes that were not included in the original database. Each family was given a standardized plate and a booklet with pictures of foods and different portion sizes served on the standardized plate. Household measures were also used for quantities. The parents were instructed by a trained dietician (IÖ ) how to fill in the food record. The food records were checked by the research dietician and any questions or missing data were discussed with the parents and the record corrected. Data on breastfeeding was recorded prospectively, except for children who had stopped breastfeeding before inclusion in the study at 6 months of age. Each intake of breast milk was recorded either as a 'meal' or a 'snack' estimated as 102 or 25 g of milk, respectively (Lind et al., 2003) . Breastfeeding duration in months was used in the analyses of associations between breastfeeding and serum lipid levels.
Total dietary fat intake, intake of polyunsaturated fatty acids (PUFA), monounsaturated fatty acids (MUFA) and saturated fatty acids (SAFA) were all calculated as percent of total energy intake (E%). The relationships among the different fatty acids were calculated as PUFA:SAFA (P:S) ratio and as (MUFA þ PUFA): SAFA (U:S).
Serum lipids
Venous blood samples were taken at least 2 h after a meal and serum was stored at À201C until analysis. Serum lipids were analysed for TC, high-density lipoprotein cholesterol (HDL-C), apolipoprotein A (apoA), apolipoprotein B (apoB) and triglycerides (TG) by the Roche/Hitachi method; which is the routine analysis method at the Department of Clinical Chemistry at Umeå University hospital. LDL-C was calculated using the Friedewald formula (Fridewald et al., 1972) , but because the infants were in nonfasting state, we also calculated non-HDL-C.
Growth
Since growth rate has been reported to influence serum lipids (Thorsdottir et al., 2003) , length and weight changes were calculated as; length gain between 6 and 12 months in cm; weight gain ratios (a) weight gain between birth and 6 months divided by birth weight, and (b) weight gain between 6 and 12 months divided by weight at 6 months.
Statistical analysis
The statistical analyses were performed using SPSS 12.01. (SPSS Inc., Chicago, IL, USA). Data are presented as means and standard deviations (s.d.). Gender differences and differences in serum lipids between 6 and 12 months were assessed by t-test. Univariate and multiple linear regression analyses were used to compare the influence of dietary fat intake and growth on serum lipid concentrations. Variables with Po0.05 in the univariate regression analysis were entered into the multivariate regression model and adjusted for intervention group.
Differences in dietary fat intake on the one hand and serum lipid levels on the other, between this study and published data from Finland (Lagström et al., 1997; Simell et al., 2000) and Iceland (Thorsdottir et al., 2003) were tested using reported means, s.d.s and sample sizes. For Icelandic infants, the calculations of P:S and U:S were made from mean values given in the original paper (Thorsdottir et al., 2003) . The significance level was set at P o0.05.
Results
At 12 months, 276 (142 girls and 134 boys) of the initial 300 children remained in the study. Of those, 255 had complete food records (133 girls and 122 boys), 248 had complete serum lipid analyses (128 and 120) and 227 (119 and 108) had complete measurements including anthropometry, food record and serum lipid levels. Of the 24 who left the study before 12 months of age, 16 refused to continue due to the blood sampling, the diet registration or other reasons, 5 moved from the area and 3 were diagnosed with food intolerance. No differences were found between those with complete data set and those with missing data (including those who had left the study) with respect to birth weight or length, serum lipids, energy or fat intake at 6 months. However, in infants with complete data at 12 months, parents' education was higher; 48% of mothers and 32% of fathers had a university degree as compared with 27 and 22%, respectively, among those with missing data.
Dietary fat intake At 6 months, 235 (78%) and at 12 months, 33 infants (12%) were partially breastfed, but none was exclusively breastfed. The estimated intakes of breast milk at 12 months were low (mostly reported as snacks). Five girls and three boys (2.7%) had never been breastfed and there were no gender differences in breastfeeding. At 12 months, mean dietary fat intake was in accord with the NNR-96 for that age group and close to the NNR-04. Intake of SAFA was high and only two infants had a relative SAFA intake below the recommended upper level of 10 E%, whereas the PUFA intake was low with almost one-third (29%) of the children consuming less than the recommended proportion of 5-10 E% PUFA. One child had a high intake of PUFA, 14.7 E% due to a high intake of cooking oil (Table 1) .
There were no significant differences in dietary fat intake between girls and boys (data not shown). The proportions of SAFA and MUFA in the diet increased relatively more with increasing total fat intake (E%) than the proportion of PUFA (Figure 1 ).
Serum lipids
The boys (n ¼ 111) and girls (n ¼ 125) who had completed the serum analyses at both 6 and 12 months of age showed only small changes in serum lipids during the latter half of infancy, except for apoA, which decreased significantly in both boys and girls (Table 2) . Girls had higher apoB levels than boys at both 6 months and at 12 months, but no other gender differences were noted. At 12 months, data on serum lipid levels were collected from 120 boys and 128 girls (Table 3) .
Dietary intake, growth and serum lipids Associations between average dietary fat intake, anthropometry, breastfeeding duration and serum lipids at 12 months were analysed, adjusting for intervention group, first as a univariate regression analysis performed on girls and boys separately, and then all significant variables (Po0.05) were entered into a multivariate regression model. No association between total dietary fat intake and growth rate or serum lipid levels was found.
In the final multivariate analysis (Table 4) , TC, apoB and LDL-C were negatively associated with PUFA intake (E%) in girls at 12 months but not in boys. Length gain was negatively associated with TC and LDL-C levels in girls, but in boys it was positively associated with LDL-C, whereas weight gain was positively associated with HDL-C and apoA levels in boys. Duration of breastfeeding had a small positive association with apoB levels in girls and with LDL-C in girls and boys (Table 4 ).
Discussion
Our study showed that the quality of dietary fat, rather than the quantity, was associated with what is considered favourable serum lipid levels in Swedish girls at 12 months of age.
Although the infants studied, had a mean total fat and PUFA intake within the NNR, the distribution of the fatty acid intake deviated from the recommendations (Nordic Councils of Ministers, 2004). Intake of PUFA was below the recommended proportion in 74 (29%) of the infants, whereas only 2 infants out of 255 (0.7%) had intakes of SAFA below the recommended upper level. Similar results have also been reported previously (Å keson Karlsland et al., 2000; Svahn et al., 2000 Svahn et al., , 2002 . Another important finding from this study was that dietary fat intake affected serum lipid levels differently in girls and boys, although total dietary fat intake, serum lipid levels and breastfeeding differed between genders. In girls, but not boys, higher Nature of dietary fat in infancy I Öhlund et al intake of PUFA was significantly associated with lower levels of TC, LDL-C and apoB levels. Surprisingly, we could not see any impact of SAFA intake on serum lipid values, although there is a general agreement that high SAFA intakes are positively linked to high TC and LDL-C levels (Aggett et al., 1994; Nordic Councils of Ministers, 2004) . A possible explanation for the lack of associations could be the relatively high SAFA intake in all studied infants. Another possibility is that serum cholesterol levels are not affected by total SAFA intake, but are specifically affected by palmitic and myristic acids (Samuelson et al., 2001) . As breastfeeding compared to formula is associated with higher TC levels in infancy, but not lasting after infancy or early childhood, (Å keson Karlsland et al., 1999; Owen et al., 2002) we were surprised by the comparatively low TC levels in our study group and the small change from 6 to 12 months. The number of infants, breastfed at 6 months was close to official national statistics of 76% (The National board of Health and Welfare, 1999) . A likely explanation is that the expected change in TC from 6 to 12 months of age was counterbalanced by a gradual decrease in breastfeeding rate during infancy. From Iceland (Thorsdottir et al., 2003) and Finland (Lagström et al., 1997; Simell et al., 2000) , both sharing NNR with Sweden, have recently been published highquality data on dietary fat intake and serum lipid levels in infants. At the time of the Icelandic study, cow's milk was used rather than infant or follow-on formula, which explains the comparatively high intake of saturated fat between 9-12 months of age. This is in contrast to the Finnish intervention study with low total fat and a comparatively high proportion of PUFA due for the use of vegetable oil as a supplement.
Dietary fat intake (E%)
Because of these differences, we found it of interest to compare the results of the present study with the data from Iceland and Finland and an interesting picture emerged. Significant differences were found in both dietary fat intakes and serum lipids. In Iceland, the infants had a total fat intake comparable to the Swedish infants, but higher proportion of SAFA and lower proportion of both MUFA and PUFA (E%) intake. Their P:S and U:S ratios were extremely low as compared with both the Swedish and Finnish infants ( Table 1 ). As could be expected from the quality of fat intake, the Icelandic infants had the highest TC and non-HDL-C values, but intriguingly, also the highest HDL-C levels (Table 3) . Furthermore, the negative association between PUFA and serum lipid values (TC, LDL-C and apoB) found among girls in our study was contradictory to the positive association found in Icelandic girls (Thorsdottir et al., 2003) . Higher PUFA intake in Iceland was associated with higher TC levels in both boys and girls. It seems unlikely that the effect of gender should be different in the two countries. A more likely possibility is that the composition of dietary PUFA was different. For example, Icelandic infants were given cod liver oil, which is also rich in cholesterol, as a vitamin D supplement.
In the Finnish study, infants in the intervention group, (reduced saturated fat intake from 7 months of age) had not only lower intake of total fat, SAFA and MUFA, but equal intake of PUFA (all expressed as E%) compared to the infants in our study. In addition, the P:S and U:S ratios were higher in the Finnish intervention group than in the Swedish infants. In spite of this, the Finnish infants had significantly higher levels of TC (Po0.001) and non-HDL-C, but the level of HDL-C was equal to the level in the Swedish study population. Despite a higher total dietary fat intake in Swedish, as compared to Finnish infants, the Swedish infants had more favourable serum lipid levels. This is also supported by the comparison of the ratio apoA/apoB with reported ratio from the Finnish study. Ratio of apoA/apoB was significantly higher in Swedish girls compared to Finnish girls but not boys.
Methods differed between the three studies. Food intake was recorded for 5 days in Sweden, 3 days in Finland and 48 h in Iceland. In addition, the Icelandic study group used weighed food records in contrast to pictures and household measures as in the Swedish and Finnish studies. Feeding practice and weaning products also differ. In Finland, infants those were breastfeed at 8 months were excluded from the analyses, while they were included in the Icelandic Swedish studies. Details in blood sampling also differed although all infants were in nonfasting state. Despite the relative homogenous populations in the Nordic countries, there may be genetic differences both between and within the populations that might influence the fat metabolism and serum lipid levels.
Simell and co-workers (Lapinleimu et al., 1995; Simell et al., 2000) suggested that lower fat intake is advantageous not only for adults, but also for young children, because a diet low in saturated fat and cholesterol affects serum lipids in a healthy way. Although, their intervention study included both qualitative and quantitative changes, emphasis was on the reduction of SAFA. We speculate from our findings and the comparison with the Icelandic and Finnish studies that a change towards higher proportions of PUFA and MUFA may be more important than reducing total fat intake. As the long-term consequences of dietary fat restriction in infancy are largely unknown (Michaelsen and Hernell, 1995; Truswell, 1995; Ballew et al., 2000; Johnson, 2000; Kleinman, 2000) , longitudinal studies are needed in young children with different intakes of dietary fat, both regarding quantity and quality. In the meantime, health professionals should stress the importance of increasing the intake of PUFA and decreasing the intake of SAFA, bearing in mind the importance of meeting the energy requirements of infants (Aggett et al., 1994; Michaelsen et al., 2003) .
In conclusion, we found that PUFA intake was relatively low and relatively stable regardless of total fat intake, while SAFA intake increased with the increasing dietary fat intake. The quality of fat rather than the quantity was associated with what is considered favourable serum lipid levels in Swedish girls. Because of that, we suggest that intake of dietary fat in infancy should be more focused on quality than on quantity, although overfeeding should be avoided.
